A cyclic voltammetric study of the interaction of Pb 2+ ions with 18-crown-6 (18C6), benzo-18-crown-6 (B18C6) and dibenzo-18-crown-6 (DB18C6) has been carried out in acetonitrile, propylene carbonate, propionitrile, iV.iV-dimethylform amide and dimethyl sulfoxide solutions. In each solvent, stability constants of the resulting 1.1 complexes were found to vary in the order 18C6>B18C6>DB18C6. There are inverse relationships between the complex stability and the Gutmann donor number of solvents. The enthalpy and entropy of complexation were determined from the temperature dependence of the stability constants; all complexes formed were enthalpy stabilized but entropy destabilized.
INTRODUCTION
The industrial applications of lead, on the one hand, and hazardous effect of its compounds to human health, on the other, are generally known. This gives reasons for the growing interest in the development of the new methods of determination, preconcentration and selective removal of the metal from different materials. Because of their selectivity and high extraction efficiency, felicitous macrocyclic compounds, e.g. crown ethers, are particularly promising in this field [1] . It is sufficient to say that the ion selective electrodes based on dibenzo-pyridino-18-crown-6 [2] and 4'-vinylbenzo-15-crown-5 homopolymer [3] , respectively, revealed very good selectivity for Pb 2+ over a variety of other cations at least in aqueous solutions.
Compared to the large amount of works devoted to the complexation of alkali and alkaline earth metal ions by crown ethers, little has been focused on the complexes of heavy metal cations with these ligands [4, 5] , The available information on Pb 2+ complexes in aprotic media is especially sparse. Moreover, a great part of the studies have been carried out in binary solvent mixtures and the data reported in a given medium differ sometimes by more than two orders of magnitude. By way of example, this is evident with the 18-crown-6-Pb 2+ complex in acetonitriledimethyl sulfoxide mixtures for which the values of logK s =4.42 (the mole fraction of acetonitrile XMeCN=0.56) [6] and 1.90 (xMeCN=0.6) [7] were reported (K s marks the stability constant of the complex). Such state of knowledge stimulated us to undertake a more systematic investigation. As a consequence, we report here a cyclic voltammetric study of Pb 2+ complexes with 18-crown-6 (18C6), benzo-18-crown-6 (B18C6) and dibenzo-18-crown-6 (DB18C6) in acetonitrile (MeCN), propionitrile (PrCN), propylene carbonate (PC), vV,jV-dimethylformamide (DMF) and dimethyl sulfoxide (DMSO). The goal is the investigation of the stability and thermodynamic parameters ΔΗ° and AS 0 of the resulting complexes in solutions.
MATERIALS AND METHODS
The solvents MeCN and DMF (both from Fluka) and DMSO (Merck) were purchased as chemicals certified for uv-spectroscopy. PC was of the highest purity (puriss. anhydrous, Fluka); all these solvents were used without purification. PrCN from Merck was dried over molecular sieves of 3A type and distilled under reduced pressure in argon atmosphere; the middle 50% fraction of the distillate was used in the experiments.
The lead(II) Perchlorate trihydrate (Aldrich) was vacuum dried over P2O5. Tetraethylammonium Perchlorate (TEAP) from Merck was purified by recrystallization from triply distilled water and vacuum drying. Crown ether 18C6 (Merck) was purified as its acetonitrile complex [8] ; next MeCN was removed by placing it under vacuum for 48 h. B18C6 (Merck) was recrystallized from «-heptane and dried under reduced pressure.
DB18C6 (Merck) was used without further purification except for vacuum drying over P2O5.
Cyclic voltammetric curves were recorded in a three-electrode arrangement with a PAR 273A potentiostat controlled by an IBM PC computer by means of the software M270 from PAR. A static mercury electrode (model 303A PAR) and Pt counter electrode served throughout experiments, the AgCl/Ag couple in a 0.05 Μ aqueous solution of tetraethylammonium chloride was used as a reference electrode. This last was separated from the measuring solution by a vycor disc. A water-jacketed electrochemical vessel was connected to the thermostated circulated water, the temperature was measured with the accuracy of ±0.1 C.
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All the solutions were deaerated with pure argon saturated in a thermostated wash bottle with a given solvent.
RESULTS AND DISCUSSION
Cyclic voltammograms recorded in solutions containing 0.5 mM lead(II) ions and 0.05 Μ TEAP (scan rate 0.1 Vs ) were found to correspond to the reversible two-electron reduction to the metal amalgam in all the solvents under study. The limiting current was controlled by mass transfer; current-potential curves with equal peak currents in the cathodic and anodic sweeps and with E pa -E pc =30±3 mV were recorded in either case. The reversibility of the electrode process was also preserved after an addition of 18C6^ B18C6 and DB18C6, respectively, which indicates that the exchange between Pb 2+ so ivated and Ptf' comp i CT ed is rapid on the measurement time scale. The addition of the macrocyclic compounds resulted in a shift of Ep potential corresponding to the reduction of the cation towards more negative values; therefore determination of the stability constants of the complexes formed in solutions was based of the shift in Ep brought about by the addition of an increasing amount of the ligand In all cases, the dependence of the shift in Ep potential upon the excess ligand concentration cl (5-80 mM) was found to be in accordance with the Lingane equation for the complexation of 1:1 type:
(1) where (Ep) m and (Ep) c represent the potentials of the free (solvated) and complexed metal ion, respectively. The resulting K s values of Pb 2+ -crown ether complexes determined at different temperatures are presented in Table 1 . It should be noted that in the procedure for the calculation of stability constants, the ion pairs formation between Pb 2+ and C10 4 ions was not considered. To our knowledge, there are no published data on the association of these ions in the solvents investigated by us. One can assume, however, that since dilute solutions of Pb(C10 4 )2 were examined, it seems unlikely that complex formation had significant competition from the ion pairing. The finding that varying concentration of supporting electrolyte (in the range 0.05 -0.30 M) does not influence the (Ep) m value confirms this idea.
As can be seen from Table 1 , in all solvents used the stability of the investigated complexes varies in the order 18C6>B18C6>DB18C6. It is not surprising; similar observations for the complexes of other metals with the ligand of 18C6 type were reported in the literature (see e.g. reviews [4, 9, 10] and corresponding references therein). It is well known that in the series of ligands with the same macrocyclic ring, the complex formation depends significantly on the nature of substituents which control both the electron density at the oxygen atoms and the flexibility of the ligand molecule. Thereby, the replacement of an ethylene group in 18C6 by a benzo group in forming benzo-crowns severely reduces the electron density at the oxygen atoms directly bonded, and accordingly the stability constants of corresponding complexes. On the other hand, the benzo groups in B18C6 and DB18C6 reduce the ligand flexibility, and balance between both these factors is responsible for the above-mentioned stability order Table 1 also shows that the nature of solvents plays a fundamental role in the complexation process. There are actually inverse relationships between the stability of the complexes and thesolvating ability of a solvent, as expressed by the Gutmann donor number, DN [11] , The same kind of solvent effect on the complexion of different metal cations with coronands was reported previously; for more recent results see e.g. [12] [13] [14] , As can be seen from Fig. 1 One can assume, therefore, that the solvent effect on complex formation is generally restricted to the solvation phenomena of cationic species. Of course, the relative contribution due to the energetics of complexation seems to be much greater for the free Pb 2+ ions. Nevertheless, similarly as shown for the 15C5-K + complex [15] , the residual solvation of the lead(II) cation bonded to the ligand should not be neglected. Add, however, that although acetonitrile is the solvent with a lower donicity (DN=14.1) than propylene carbonate (DN=15.1), the complexes are less stable in the former. This rather exceptional behaviour can only be ascribed to interactions of the ligands with the solvent MeCN [16] [17] [18] [19] , Thus, the Pb 2+ cations have to compete with already bonded solvent molecules, and this effect reduces the measured values of stability constants. Note that a similar observation was made earlier for the 18C6-K + complex [18, 20] , In order to recognize better the thermodynamic aspects of the complexation; we have evaluated the enthalpic and entropic contributions to that process. The _H° and _S° values were then estimated from the corresponding K s and temperature data (Table 1) by applying least-square analysis according to the equation 2.303 logK s = -AH7RT + AS°/R (2) The plots of logK s vs. 1/T were linear for all cases studied; the enthalpies and entropies were simply calculated from the slopes and intercepts, respectively. From the data collected in Table 2 it is obvious that all the complexes studied by us are enthalpy stabilized but entropy destabilized. It is worth noting that such behaviour was previously observed for the complexation of lead(II) ions with several 18-membered crown ethers, when studied in binary MeCN-DMSO mixtures [6] , and for many other coronates in aqueous and nonaqueous media [2, 3] , It seems reasonable to assume that the terms that dominate the magnitude of AH 0 are the interaction energies between the metal ion and the macrocyclic ligand, as well as the solvation energies of free and complexed species. 
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+ Ions in some Aprotic Solvents ring upon complexation. Recently, changes in solvation and their influence upon the entropy were discussed in details for selected reactions in different media [21] , but in some cases the main reason for the negative sign of AS 0 is just the conformational factor brought about upon complexation from a rather flexible free ligand to a quite structured rigid complex [22] [23] [24] [25] [26] [27] [28] , In these categories our results seem to be fully justifiable. Obviously, the negative changes in entropy may cancel some of the enthalpic gain resulting from stronger binding of the lead(II) cations by the ligands. The existence of such a compensating effect between ΔΗ° and AS 0 has been discussed for a variety of cation -ligand systems [29] [30] [31] [32] , This effect also appears from our data: for all 13 points of Table 2 we have found a linear correlation between TAS° and AH° (Fig. 2) . The corresponding regression equation has the following form: TAS° = (0.60*0.10) AH° + (7.29±4.39) (3) and holds with the correlation coefficient of r=0.969 and the Fisher test of F=171.4 (in this case, errors of the coefficients calculated using Student's distribution with a confidence level of 0.95 are given). Table 2 (and, similarly, in Ref. [6] ), quantitative discussion of the regression coefficients of eq. (3) is simply inappropriate. In other words, it can only be suggested that the compensating effect between ΔΗ 0 and AS 0 does exist in the systems under study, but the problem of an extent of this compensation still remains unsolved.
